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In June 2016, the Southern African Institute of Mining and Metallurgy (SAIMM) held a 
colloquium in Johannesburg South Africa the purpose of which was to create a dialogue 
between industry, government, research institutes and academia in the area of new 
technology and innovation.  One of the key findings presented at the colloquium was the 
Chamber of Mines (COM) study indicating that the South African gold reserves dependent 
upon conventional mining methods will be depleted by 2031 with Platinum Group Metals 
(PGM) reserves signaling a similar fate. 
 
The South African mining industry considers mechanization, automation and continuous 
mining operations as critical to extend gold reserves beyond 2046 or in the case of PGMs 
to 2042.  To date, mechanization, automation and continuous mining in the gold and 
platinum environments has had limited success in the South African mining industry, 
generally achieving lower than planned productivity at higher than budgetted costs.  Thus, 
the development of innovative mining systems based on new technology is critical for the 
continuance of the South African mining industry. 
 
This paper discusses the strategies and research initiatives required to support a mining 
industry beyond 2040 and investigates the role that innovation will play in sustaining a 
mining industry that is currently in decline. 
 
 
INTRODUCTION 
 
Mining in general, and South African hard rock mining in particular, is associated with risk.  Narrow 
reef mining entails risks from falls of grounds, seismic events, fires, and other hazards to the 
mineworker via the actual mining process.  However, another risk which is influencing the South 
African mining industry is the every apparent risk of mine closure due to economic factors or social and 
statutory constraints.  These concerns affect the entire spectrum of employment in the mining industry 
from the general labourer to top management; from students just entering university studies in the field 
of mining to mineworkers with decades of experience;  from surface operations exploiting coal, clay, 
vermiculite  and iron ore to underground gold, PGMs, chrome, copper and manganese operations.   
 
In days gone by, labour was inexpensive and plentiful, and combined with the narrow nature of the 
orebodies this led to labour-intensive mining methods (Figure 1).  Many of the deposits were shallow 
and conducive to short travelling distances and high productivity.  This is no longer the case – the reality 
is medium- to deep-level mining that involves travelling through two or three shaft systems with 
working face times often no less than four hours per shift.   
 
The industry has attempted to mechanize the South African narrow-reef environment – in the late 20th 
century in the gold mines and since the 21st century for the platinum industry.  The former initiative 
largely failing due to the increase in dilution and the subsequent reduction of the head grade while the 
current initiative is making some progress but not conclusively successful enough (e.g. Lonmin’s 
experience).  The implementation of mechanization in the narrow-reef environment requires favourable 
geological deposit formation with upto 50% of the mineral resources being unsuitable for mechanized 
mining systems (Rapson and Rupprecht, 2004) A the same time the mechanized mining systems require 
a considerable amount of capital.   
 
 
 
Figure 1. Traditional Conventional Mining Method (Macfarlane, 2016). 
 
These concerns are in context with a labour force that is highly unionized with demands for significant 
increases in wages (Figure 2); a regulatory environment that is often viewed as over-zealous in regard 
to safety stoppages and social and community responsibility; and a business environment lacking 
sufficient power infrastructure, where many new mines are coming on line (for example the eastern and 
northern limbs of the Bushveld Complex) combined with double digit annual increases for electricity 
tariff and diesel for a number of years (Figure 2).  All of these issues are combined with concerns such 
as the future availability of water and changing of the environmental regulations. 
 
The view of the authors is that the South Africa mining industry as we now know it will be finished 
within the next 15 to 20 years if significant changes are not made with immediate effect.  The South 
African mind-set must change – unfortunately, too many affected people still consider the South African 
mining industry as an industry provided with cheap labour, noting that labour equates to 50% to 60% 
of the on-mine mining costs. 
 
 
	
	
 
Figure 2. Cost inflation affecting the mining sector (annual average increase 2008 to 2014)  
(COM, 2015). 
 
Figure 3 illustrates the decline of the South African mining industry since 1980.  As can be seen, the gold 
industry accounted for over 60% of all mining-related employment in the early and mid-1980s.  
Currently, gold represents just over 20% of the employment for the South African mineral industry, 
with PGMs employing the larger proportion of mineworkers.  More importantly, Figure 3 demonstrates 
the decline of the industry with direct mining-related employment steadily decreasing from 800 000 in 
the 1980s to 495 000 in 2014. 
 
	
	
Figure 3. Direct employment in the South African mining sector (COM, 2015). 
 
Figures 4 and Figure 5 depict the results of a recent South African Chamber of Mines study and 
presented by Turner indicating the tonnages to be mined from South African gold and platinum mining 
companies based from conventional, mechanised and continuous (24/7 mechanised) mining 
operationson. These figures indicate that by 2025 gold tonnage sourced from conventional mining will 
largely depleted; similarily platinum tonnages sourced from conventional drill and blast operations will 
be exhausted in 2015.  The report suggests that through the continued implementation of mechanised 
mining these reserves, both gold and PGMs, can  extend beyond 2035 and with continuous operations 
mining should be able to continue beyond 2040. 
  
 
Figure 4. Gold tonnes mined per year based on mining method (Turner, 2016). 
 
 
 
Figure 5. PGM mined tonnes per year based on mining method (Turner, 2016). 
The above discussion has painted sombre picture of the mining industry.  Regrettably this picture is 
further reinforced by the fact that productivity (gold and PGMs), as shown in Figure 6, has reduced to 
its 1990 levels, indicating a stagnant (2000) and even negative trend (2006) in productivity.   
 
The picture is clear – the South African mining industry, even with the commodity boom of the early 
21st century, is shrinking and does not present a picture of health or vibrancy.  The data referred to does 
not take into account the major challenges of 2015 and 2016, where further mine closures and 
retrenchments have taken place in many of the South African mining commodities, for example iron 
ore, PGMs, manganese, and coal. 
 
	
Figure 6. Productivity in the South African mining sector (COM, 2015). 
 
Innovation and Modernization 
 
Historical Background 
The Witwatersrand Chamber of Mines, which subsequently became the Chamber of Mines of South 
Africa, was established in 1887 to create an organization that could publish information on the 
Witwatersrand gold mines.  In 1962, the Chamber of Mines recognized that there was a need to create 
a centre for mining research excellence that could assist the gold mining industry.  This led to the 
establishment of Chamber of Mines Research Organisation (COMRO) in 1964, which carried out 
research in a collaborative basis on behalf of gold mines that were members of the Chamber of Mines.  
In 1966, after the Coalbrook colliery disaster, where 435 miners died, COMRO was extended to include 
the South African collieries.  In the late 1980s there was a reduction in funding for research, thus limiting 
mining-related research which ultimately lead to COMRO being taken over in 1992 by the Council of 
Science and Industry Research (CSIR) – the government statutory research council – and the COMRO 
unit was renamed Miningtek.  After 1992, Miningtek undertook research for individual/group mines 
on an elective or needs basis, including the platinum mining industry.  Also during this period much 
work was undertaken by Miningtek in the area of health and safety through the Safety in Mines 
Research Advisory Committee (SIMRAC).  
 
1998 saw the introduction of the DeepMine Collaborative Research Programme, which was developed 
to investigate technologies to allow gold mining to proceed between 3000 m and 5000 m.  The DeepMine 
Collaborative Research Programme continued until 2002 and was followed by the FutureMine 
Collaborative Research Programme, which investigated improvements in productivity and reduced 
mining costs.  Based on the success of the DeepMine programme, the CoalTech 2020 and PlatMine 
collaborative research programmes were launched.  However by 2005, with the exception of CoalTech 
2020, the period of collaborative research was over. 
 
Since the late 1980s mining research has been sporadic with much work having been done in safety and 
health issues (SIMRAC) with a brief period when the DeepMine Collaborative Research Programme 
produced over 100 reports to support deep-level gold mining.  Although the DeepMine research 
programme strove to transfer the knowledge produced – ’research reports being the primary product 
of DEEPMINE’ (Durrheim and Diering, 2002) – the author has observed numerous examples of mine 
studies and other research work duplicating work already conducted by DeepMine or the other 
collaborative research programmes.  Regrettably, many of these mines are owned by companies that 
did not belonged to the colloborativeresearch programmes, and in other cases participating groups have 
failed to fully disseminate this knowledge to all operations and therefore research work is often being 
repeated. 
 
Going forward, any new research innitiative must take stock of the current research knowledge base to 
ensure fundamental work is not duplicated.  Furthermore, critical to the success of research iniatives is 
a comprehensive method of distributing the results and finding of all research. 
 
Mechanization 
Narrow reef mechanization is critical and one only needs to review the six SAIMM International 
Platinum Conferences from 2004 until 2014 to understand the volume of work that has gone into 
introducing mechanization to the southern African platinum industry (Figure 7) .  One cannot raise the 
issue of mechanization in the platinum industry without discussing Lonmin and its 2004 vision to 
achieve 50% of reef production and 100% for development metres by 2010 using mechanized mining 
methods (Webber et. al., 2010).  The actual level of mechanization achieved in 2010 was only 20%.  The 
Lonmin mechanization programme failed to meet its target with equipment underperforming, 
difficulties in regard to labour and supervision, and mining dilution higher than planned due to the 
size of on-reef developmnt and the inability of the extra-low profile (XLP) equipment to handle rolls in 
the reef.  Thus, Lonmin changed its strategy, deciding that mechanized mining utilizing the XLP 
equipment needed to be proved on a smaller scale before implementing it mine-wide. 
 
Mechanization is a non-debatable area requiring further research, innovation, and development.  
Probably the biggest shortcoming with the development of mechanization has been the inability of the 
industry to manage this in a collaborative manner.  There has been too much duplication between 
mining groups, a lack of proper documentation and a reliance on original equipment manufacturers to 
develop the equipment.  A strong requirement is for the local manufacturing of mobile equipment, 
focused primarily on the southern African underground mining environment.  There is a need to apply 
relevant industrial engineering principles to the mining industry while still being cognisant  that mining 
is not a factory as inputs (i.e. the mining work environment) change on a regular basis, requiring 
workers and supervisors to readily adapt as and when required. Importantly, primary research must 
also be conducted by dedicated researchers having the proper experience and skills – this in itself offers 
challenges to the required change process.   
 
 
  
  
	
Figure 7. Examples of Current and Envisaged Mechanization. 
 
Continuous operations 
Continuous mining (24/7 mechanised mining) is an initiative in narrow vein stoping to achieve 
increased production by applying low amounts of energy to the drill hole to break rock (Figure 8). If 
successful, continuous mining potentially offers a quantum leap in face advance when compared with 
conventional mining methods. Thus, the success of a continuous mining system could have a huge 
impact on the South African mining industry.  
 
Continuous mining offers the possibility of stoping continuously throughout the 24 hours, and monthly 
face advance in excess of 40 m.  Traditionally research has focused on the actual breaking of the blast 
hole (i.e. the micro process) and achieving acceptable emission levels. At this stage continuous mining 
appears to be applicable to stope layouts including down dip, up dip, and breast, with mining face 
lengths between 30 and 90 m. To ensure accuracy, holes should be drilled utilizing stope drill rigs with 
low profile dozers to remove the broken rock from the stope face (Figure 9).  Research on continuous 
mining has largely been dormant since around 2003.  At the time continuous mining failed to 
consistently and repeatedly break rock utilizing low energy charges.  Further concerns were the levels 
of noxious fumes and dust generated by low energy charges. If the above technical issues can be 
resolved, there remains the issue of the feasibility of continuous mining as a rock breaking system, as 
indications are that the process is considerably more expensive than conventional blasting.  
 
 
Figure 8. Continuous Mining – Control Foam Injection (Pickering and Young, 2016) 
	
CONCLUSION 
 
The need for change combined with innovation and the implementation of new technology the 
introduction of has been around for a long time.  The COMRO conducted research on proposed change 
in the 1980s. Hustralid and Nilsson in 1998 discussed technology development as a function of time, 
with Pukkila and Sarkka (2001) illustrating the development steps towards the intelligent mine.  In 1998, 
the South African gold mining industry (AngloGold, GoldFields and DRD) established the DeepMine 
Research Programme, which was followed by Futuremine, Platmine and CoalTech 2020 in the early 
2000’s.  In 1998, Bobby Godsell, the Chief Executive Officer of AngloGold commented on the 
transformation of mine labour: 
 
‘Work structures have remained remarkably unchanged for many decades because of static technology, 
the impact of apartheid, and the previously closed nature - in times past - of the South African economy.’ 
(Godsell, 1998). 
 
In 2001, the implementation of new technology is explained in MacFarlane’s SAIMM Journal paper: ’The 
implementation of new technology in southern African mines: pain or panacea’ (MacFarlane, 2001).  
And some 15 years on, the mining industry is at a cross roads either to develop solutions to extend the 
life of mines beyond 2040 or to contiunue in its current path resulting in the South African mining 
transforming into a insignificant producer of gold and PGM metals. 
 
This paper discussed the justification for the mining industry to make significant advancements in the 
way it conducts mining.  The industry must ’leapfrog’ the current mind-set of conventional mining.  
Advances in technology, namely mechanization and continuous mining, are proposed as a means to 
extend South African gold and platinum mineral reserves beyond 2040. 
 
Fundamental to the South African mining industry is the development of mechanised and continuous 
mining. Crucial to this research is the basic understanding that meaningful research takes time and it 
may take several years before the industry sees applicable results.  A good analogy may be the growing 
of an olive orchard, which may take five to 12 years before first fruiting.  Key to the success will be the 
transfer of knowledge to the mining industry. 
 
In conclusion, the mining industry must embrace change and recognize the need for meaningful change. 
Only visionary thinking, hard work, and commitment from all interested and affected parties will 
enable the industry to navigate through these troubled times and create a sustainable industry that will 
continue past 2030. 
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